The gypsum is one of the building materials, which is ignored as the load bearing material at present time. Its most useful properties are simple production technology and quick increase of mechanical properties in time. The paper will present the evolution determination of the gypsum mechanical properties using nondestructive impulse excitation method. The advantage of this method is that the same specimen can be tested in different time instants repeatedly. The first 14 days are the most important for material properties evolution. After that time, the mechanical properties are not changing significantly.
Poisson's ratio determined from E df
Introduction
The gypsum has been used as a building material for several thousands of years. As an old-new material, it got an interest in building industry in the second half of the 20 th century and the renaissance of this material was in nineties, when its usage spread to interiors, especially as a plasterboard systems. At present time, the plasterboards are used in new constructions and also during reconstructions, they are modified for these purposes. From the view of experts and also general public, the gypsum is a material, which is used in the building industry for its excellent usage properties (fast hardening, good mechanical and thermal properties, good workability) but only in interiors.
The little knowledge of this material does not allow extending its use in exteriors. From the chemical view, it is calcium sulfate dihydrate in most cases (60-98%). The gypsum binder can contain also other modifications of the system calcium sulfate -water [1] . Therefore, it is interesting to investigate this material also on microlevel and to determine the content of the gypsum phases in the investigated gypsum using the nanoindentation technics [2] . The problem with gypsum usage starts to be complicated when the additives are added to the gypsum mixture to improve the chosen properties [3] , [4] .
The time dependent changes of the silicate based materials has been tested for several years at the workplace of authors. From the view of the mechanical properties evolution, the behavior of the gypsum is specific and different from the other porous building materials based on cement or lime binders. Especially, it is very fast creation of a solid structure (removing of the gypsum from the mold 30 minutes after mixing gypsum binder with water) and also nontraditional decrease of the mechanical properties in the first week after making the gypsum [5] . Three gypsum specimens were made for the purpose to monitor and identify the gypsum mechanical properties evolution in more detail.
Specimens
For the purpose of this test, three gypsum specimens of dimensions 0.04 × 0.04 × 0.160 m were made with the standard water/gypsum ratio 0.71 in a stainless mold with three sections. Tested specimens were made according to Czech standard CSN 722301 from the commercial gypsum grey which is produced by company Gypstrend. This binder is made from two different dihydrates, namely naturally gypsum and gypsum from chemistry industry, ratio is half to half.
These specimens were put off the mold after twenty minutes and the experimental determination of the dynamic modulus of elasticity, dynamic shear modulus and Poisson's number started immediately.
Impulse excitation method
The impulse excitation method was used for determination of dynamic Young's modulus, shear modulus and Poisson's ratio because of its nondestructive character, very quick measurement of these characteristics and availability of the measurement line. The method is based on calculation of these characteristics based on measured resonant frequencies of longitudinal, flexural or torsional vibration of the specimens.
Longitudinal vibration
The specimen was supported in the fundamental longitudinal nodal position in the middle of its span. The acceleration transducer Brüel&Kjaer of Type 4519-003 was placed at the center of one end surface of the specimen. The opposite end surface of the specimen was struck perpendicular to the surface by the impact hammer Brüel&Kjaer of Type 8206. The waveforms of the excitation force and the acceleration were recorded and transformed using Fast Fourier Transform (FFT) to the frequency domain. The Frequency Response Function (FRF) was evaluated from these signals using the vibration analyzer Brüel&Kjaer Front-end 3560-B-120 and program PULSE 13.5. The test was repeated four more times for each specimen and the average was saved. From an averaged FRF, the fundamental longitudinal resonant frequency was determined for each specimen. Based on the equation for longitudinal vibration of the beam with continuously distributed mass with free-free boundary condition, the dynamic Young's modulus E dl was determined [6] [7] using the relation
Flexural vibration
The specimen was simply supported in the distance 0.224 of the span on both ends, the fundamental flexural nodal positions. The acceleration transducer was placed at the end of the specimen on the upper face. The upper surface of the opposite end of the specimen was struck by the impact hammer. The fundamental flexural resonant frequency was evaluated using the same procedure as the above described longitudinal one.
The dynamic Young's modulus E df based on flexural resonant frequency was determined [6] [7] using the relation 
Torsional vibration
The specimen was supported in the torsional nodal position of the first torsional mode of vibration, in the middle of its span. The acceleration transducer was placed at the end of the specimen in the right upper corner of the side surface. The left lower corner of the same side surface of the specimen was struck by the impact hammer. The first torsional resonant frequency was evaluated using the same procedure as the above described longitudinal one.
The dynamic shear modulus G d was determined [6] [7] based on the equation
where B is defined as
Poisson's ratio
The Poisson's ratio can be determined from E dl or from E df based on the equation
Because the correction factor T 1 in the equation (2) depends on the µ d , an iterative process has to be used for µ df and E df determination. As the first approximation can be used µ dl calculated from E dl . The iterative process of equations (2) and (5) can stop when the values of µ df for the previous and the next steps will not differ more than 1%.
Time dependent changes of mechanical properties
Nondestructive impulse excitation method was used for determination of time dependent changes of the gypsum mechanical properties. Using this method, the fundamental longitudinal, flexural and torsional frequencies were measured every one hour during the first 60 hours after casting the gypsum. The dynamic Young's modulus, dynamic shear modulus and Poisson's ratio were calculated for each measured frequency in each time of measurement. The graphs of time dependent changes of these properties are presented in Fig. 1-4 .
Conclusions
The evolution of the investigated mechanical properties of the chosen gypsum binder is interesting. Several changes occurred during their evolution in the first three days. It is interesting that values of dynamic Young's modulus and dynamic shear modulus decreased after three hours from making the specimens while they were increasing until this time. It was the phase when the solid structure created. Hydration process, during which the big amount of hydration heat is produced, was also finished after three hours. After three hours from the beginning, the values of mechanical properties started to decrease about 10%. Approximately after two days, the values started to increase very rapidly and they increased to the time of seven days. After this time, the values increased very slowly and after 14 days they were stable. Only Poisson's ratio seems to be constant from the beginning of the measurement to the end, the average value was 0.33. The effect, which influences mechanical properties evolution, is the water content in a specimen. It is necessary to add more water to a specimen during its making because of workability then it would be necessary for theoretic hydration. Next processes are probably connected with creation of the solid structure during the first day.
The trend of mechanical properties evolution was monitored earlier but in comparison with literature there were not done such amount of measurements in such short intervals. The most of previous measurements were done using classic destructive methods, the results of which are dependent on technological discipline during preparing specimens, during testing but they are also dependent on the conditions where they are placed (especially on temperature). The trend of mechanical properties evolution was verified nondestructively on the same specimens for the whole time. Thus the above mentioned effects and problems during destructive testing were eliminated. 
